Introduction
Non-alcoholic fatty liver disease (NAFLD) has become a serious public health problem worldwide with the prevalence of NAFLD, which varies from 20% to 30% among developed and developing countries. 1, 2 NAFLD is considered to be a hepatic manifestation of metabolic syndrome. Patients with NAFLD could progress to non-alcoholic steatohepatitis, characterized by inflammation, apoptosis, and ballooning degeneration, thereby cirrhosis and hepatocellular carcinoma. 3 It is an independent risk factor for chronic diseases, such as diabetes, 4 cardiovascular diseases, and cancer. 3 Obesity is strongly associated with many metabolic diseases, including NAFLD. 5 However, NAFLD can often be observed in non-obese individuals, which refers to lean NAFLD. Interestingly, the prevalence of lean NAFLD has been mainly described in Asia varied from 15% to 21%. 6 In our previous study, we found that lean NAFLD patients had comparable triglyceride (TG), cholesterin, and low-density lipoprotein cholesterin to obese NAFLD patients. Moreover, lean NAFLD was strongly associated with diabetes and metabolic disorders than obese NAFLD. 2 As normal weight individuals may not visit in clinics for NAFLD diagnosis, lean NAFLD could lead more problems than obese NAFLD.
As the development of NAFLD involves a complicated interaction between genetics, diet, and lifestyle, 7 dietary habits and lifestyle contribute to approximately 63-80%. 8 Medical nutrition therapy has been widely used for preventing complications of diabetes and management of body weight. 9, 10 For NAFLD, the only established treatment is the combination of diet and lifestyle changes to decrease body weight and blood glucose, dyslipidemia, and cardiovascular risk. 3, 11 However, these established nutrition therapies were mainly suitable for obese NAFLD. Considering particular problems of lean NAFLD patients, the characteristics of specific dietary habits were urgently needed to find possible solutions.
Several studies have investigated the diet and lifestyle changes in the management of NAFLD, but few compared the difference between the dietary intake and lifestyle in different NAFLD types. We conducted the present study to further explore the potential differences in both lean and obese NAFLD patients regarding the dietary intake and lifestyle in northern Chinese individuals.
Methods
Ethics. The Ethics Committee of Harbin Medical University approved this study. Written informed consent was obtained from all participants.
Subjects. In this matched case-control study, we randomly selected 400 participants (100 lean NAFLD patients, 100 lean controls, 100 obese NAFLD patients, and 100 obese controls, respectively) who received annual physical examinations at the Physical Examination Center of the Second Affiliated Hospital of Harbin Medical University from February 2012 to May 2013. For lean NAFLD patients versus lean controls, obese NAFLD patients versus obese controls were matched for age, gender, and body mass index (BMI) from physical examinees, respectively. The inclusion criteria were as follows (according to the guidelines for NAFLD management formulated by the Chinese National Workshop on Fatty Liver Disease in 2010) 12 : (i) alcohol consumption < 140 g/week for male adults and < 70 g/week for female adults; (ii) absence of viral hepatitis (never been infected with hepatitis B virus [HBV], hepatitis C virus [HCV] , and dual HBV/HCV), hepatolenticular degeneration, autoimmune diseases (e.g. autoimmune hepatitis, primary biliary cirrhosis, primary sclerosing cholangitis, overlap syndromes, and transplant-related autoimmunity), a history of total parenteral nutrition (within 4 months), or intake of any hepatotoxic drugs (e.g. tamoxifen, amiodarone, sodium valproate, methotrexate, and glucocorticoid); (iii) absence of malignancies, diabetes mellitus, or pregnancy. Liver fatty infiltration was determined by an experienced ultrasonographic doctor, who was blind to the subjects' disease history or blood laboratory analysis, using a 3.5-MHz probe (SSI-8000, Philips, The Netherlands). Fatty liver was defined by the presence of at least two of three abnormal findings on abdominal ultrasonography according to guidelines for the assessment and management of NAFLD in the Asia-Pacific region: diffusely increased echogenicity ("bright") liver with liver echogenicity greater than kidney or spleen, vascular blurring, and deep attenuation of ultrasound signal. 13 Ultrasound examination of all participants was completed in December 2013. Subjects who had excessive alcohol intake (more than 140 g weekly in men, 70 g weekly in women, n = 15), pregnancy (n = 2), chronic HBV infection (n = 16), chronic HCV infection (n = 12), and dual HBV/HCV infections (n = 7) were excluded. Finally, 84 lean NAFLD patients, 90 lean controls, 85 obese NAFLD patients, and 92 obese controls were included.
Anthropometric measurements and definition of lean/obese non-alcoholic fatty liver disease. Height, weight, waist circumference (WC), systolic blood pressure (SBP), and diastolic blood pressure (DBP) of participants were measured by well-trained nurses. All nurses received 3 days of theoretical study and skill training. The training methods included theoretical explanation, on-site demonstration, and video playback. The training content included (i) height and body weight: Height and body weight should be measured to the nearest 0.1 kg and 0.1 cm wearing light clothes and no shoes; (ii) WC: WC should be measured midpoint between the lowest rib and the iliac crest using a flexible anthropometric tape in the horizontal plane. WC should be measured to the nearest 0.1 cm. (iii) SBP and DBP: SBP and DBP should be measured seated twice on the right arm using a standard mercury sphygmomanometer after a 5-min rest, and thereafter, the mean of the two measurements was recorded as definitive blood pressure. BMI was defined as weight in kilograms divided by the square of height in meters (kg/m 2 ), and the BMI cut-off points for Chinese were used to define obese and lean states: Lean NAFLD patients were defined as NAFLD patients with BMI < 24, and obese NAFLD patients were defined as NAFLD patients with BMI ≥ 28.
14 Measurements of dietary nutrients intake. These data were obtained by the validated internet-based dietary questionnaire for Chinese (IDQC; www.yyjy365.org/diet). All participants were invited to register an account, using their phone number. They were asked to complete the questionnaire for the past 4 months. To aid in the estimation of food portions, clickable images were created for each food as a reference. Each food could be selected by clicking the appropriate check box. The participants had to choose the frequency of consumption and amount of each food item in the IDQC. 15 For example, orange, the frequency needed to be chosen from one of the following options: never (less than once/month), 1-3 times/month, once/week, 2-3 times/week, 4-5 times/week, once/day, twice/day, and three times or more/day. Alcohol using was assessed by asking "Did you have a habit of taking alcohol consumption over the past four months?" Those who gave positive responses were further asked about the type and frequency of drink. Pure alcohol consumption is that drink consumption multiplied by mean alcohol% by volume.
The means of the amounts for each food group were calculated into g/day for each questionnaire. Each nutrient intake is the total quantity from all food items. Dietary nutrient intake was calculated by Panpan Guo using the Food Nutrition Calculator (V1.60; Shixinghengxun, Beijing, China), according to China Food Composition. 16 Measurements of lifestyle. Lifestyle involved overtime work, sleep duration, afternoon nap, labor, physical exercise, and smoking. Sleep duration was defined as the duration between nocturnal sleep time and woke up time in the morning. Overtime work was defined > 40 h/week. These data were also obtained by the IDQC via asking questions. For example, overtime work was assessed by asking "Did you have overtime work over the past four months?" Afternoon napping was assessed by asking "Did you have a habit of taking a napping over the past four months?" Those who gave positive responses were further asked about nap duration. Smoking was divided into never smoking, quit smoking, <once/day, 1-9 times/day, 10-20 times/day, and > 20 times/day. Quit smoking has been abstinent for at least 30 days before the enrollment to the study.
Statistical analysis. All continuous variables and categorical variables are presented as means ± SD and the percentage, separately. Chi-squared test was used to compare the differences in frequency of categorical variables. One-way analysis of variance (one-way ANOVA) or Kruskal-Wallis test was used to compare the means of continuous variables. All analyses were performed with SPSS Statistics ver. 22.0 (IBM, Chicago, IL). The level of significance was set at P < 0.05. P is for differences across all groups; different letters means significant difference between two groups (P < 0.05). Data are expressed as mean ± SD, frequencies, and percentages, as appropriate. BMI, body mass index; DBP, diastolic blood pressure; NAFLD, non-alcoholic fatty liver disease; SBP, systolic blood pressure.
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Results
Characteristics and lifestyle of each groups. The basic demographic characteristics and lifestyle of participants were summarized in Table 1 . Both lean and obese NAFLD patients were more likely to have higher levels of WC and overtime work but lower level of sleep duration than in controls in the same group (P < 0.05). Compared with the obese NAFLD patients, lean NAFLD patients had higher level of overtime work (P < 0.05).
No statistical difference was observed for other indicators in two groups (P > 0.05).
Dietary intake of foods and nutrients in participants. Dietary intake of foods is shown in Table 2 . Lean NAFLD patients had higher levels of grain, potato, fruit, and beans than the controls. Obese NAFLD patients had greater intake of grain, potato, vegetable, fungus, livestock, and fruit than those of the controls. In comparison with obese NAFLD patients, lean NAFLD patients consumed lower levels of grain, potato, livestock, and fruit. Nutrients intake is shown in Table 3 . Lean NAFLD patients had higher levels of total caloric, calorigenic nutrients (carbohydrate, protein, and fat), cholesterol, and fiber than the controls. However, obese NAFLD patients had only higher level of total carbohydrate than the controls. Lean NAFLD patients consumed lower level of total carbohydrates than obese NAFLD patients.
Dietary intake of minerals and vitamins of participants. Tables 4 and 5 show minerals and vitamins of participants, respectively. Lean NAFLD patients consumed higher levels of phosphorus, potassium, magnesium, iron, and manganese than the controls. However, obese NAFLD patients only had higher level of iron than those in the controls. Lean NAFLD patients had lower levels of zinc than obese NAFLD patients (Table 4) . Moreover, no significant differences for vitamins among groups were observed (All P > 0.05; Table 5 ).
Discussions
Our results suggested that lean NAFLD patients had higher levels of grain, potato, fruit, and beans, calorigenic nutrients, fiber, phosphorus, potassium, magnesium, iron, manganese, and overtime work but lower level of sleep duration than control group. Obese NAFLD patients had higher levels of grain, potato, vegetable, fungus, livestock, fruit, calorigenic nutrients, iron, and overtime work but lower level of sleep duration than control group. In addition, the differences in diet and lifestyle were seen between lean and obese NAFLD patients, which lean NAFLD patients had comparable total caloric, calorigenic nutrients, iron, sleep duration, and overtime work as obese NAFLD patients.
For dietary intake, both lean and obese NAFLD patients tended to have higher levels of grain and potato than their corresponding controls. Our previous study has found that high carbohydrate from starchy foods intake was associated with hyperlipidemia and metabolic syndrome, 17 which could increase the risk of NAFLD. Grain and potato are starchy foods, which are rich in carbohydrate. Dietary carbohydrate, especially fructose, could provide unregulated substrates for de novo lipogenesis in NAFLD individuals. 18 In normal conditions, it converts excess carbohydrate into fatty acids that are then esterified to storage TG. 19 The human clinical trial showed that participants consuming high carbohydrate diets had lower high-density lipoprotein cholesterol (HDL-C) and higher TG and total cholesterol (TC) levels. 20 The aforementioned findings suggested that grain and potato could elevate the production of de novo lipogenesis and TG, thereby leading to hepatic steatosis. Interestingly, obese NAFLD patients had higher levels of grain and potato than lean NAFLD patients. It would be of interest to investigate that excess grain and potato may contribute to the development of lean NAFLD into obese NAFLD. In addition, we also found that NAFLD patients consumed higher level of fruit than in controls. Also, in a Brazilian case-control study, the results indicated that a non-significantly higher intake of fruits in NAFLD patients compared with normal liver function controls. 21 It may be because NAFLD patients may consume more fructose-rich fruits. P is for differences across all groups; different letters means significant difference between two groups (P < 0.05). Data are expressed as mean ± SD. † Fungus includes fresh mushrooms and shiitake mushrooms. ‡ Livestock includes pork, beef, mutton, edible sausage, and ham.
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Except the aforementioned foods, beans intake in lean NAFLD patients was higher than healthy individuals but comparable as obese NAFLD patients. Also, in a Brazilian case-control study, the results indicated that a non-significantly higher intake of beans in NAFLD patients compared with normal liver function controls. 21 Another study has reported that higher calories intake from bean in NAFLD patients compared patients with HBV and HCV. 21 Obese NAFLD patients consumed higher levels of vegetable, fungus, and livestock than obese controls. However, many studies have reported that NAFLD patients had lower level of vegetable than healthy individuals. Despite their high vegetable consumption, obese NAFLD patients reported higher levels of fungus and livestock. In line with most studies, NAFLD patients had higher meats consumption. 22 However, the association between NAFLD and fungus intake has never been investigated in humans.
For lifestyle, NAFLD patients had higher level of overtime work but lower level of sleep duration compared with their controls, especially in lean NAFLD groups. A cross-sectional study P is for differences across all groups; different letters means significant difference between two groups (P < 0.05). Data are expressed as mean ± SD. NAFLD, non-alcoholic fatty liver disease. P is for differences across all groups; different letters means significant difference between two groups (P < 0.05). Data are expressed as median and quartile ranges. NAFLD, non-alcoholic fatty liver disease. found that > 10-h work/day could increase metabolic syndrome in Japan, 23 which could increase the prevalence of NAFLD. The influence of overtime work could be explained by the increased frequency of habitual higher caloric value food, reduced physical activity, and decreased sleep. 24 Interestingly, lean NAFLD patients had higher overtime work than obese NAFLD patients. Thus, it was reasonable to deduce that overtime work may metabolize part of subcutaneous fat but not visceral fat. Future studies were warranted to investigate the relation between overtime work and lipid metabolism. On the other hand, long overtime work was associated with shorter sleep duration or sleep disturbances. 25 The recent meta-analysis that included six studies (five cross-sectional and one cohort study) 26 has also showed that short sleep duration was associated with an increased risk of NAFLD in Japan, Italy, and South Korea. Inadequate sleep could enhance inflammatory cytokines such as interleukin-6 and tumor necrosis factor-α, 27 which play potential roles in the pathogenesis of NAFLD. The aforementioned findings suggested that short sleep duration may be associated with increased risk of NAFLD. However, most studies regarding the relation of sleep and NAFLD were crosssectional studies. It may be difficult to conclude the causal relationships of sleep and NAFLD. More future cohort studies are needed to investigate their causal relationship. However, afternoon nap, labor, physical exercise, and smoking had no statistical difference among groups. Substantial evidence suggested that afternoon nap, labor, physical exercise, and smoking were associated with NAFLD. [28] [29] [30] These findings may be because of the high intake of diet.
For minerals, both lean and obese NAFLD patients had higher iron intake than their corresponding controls. Previous study found that dietary iron intake in NAFLD patients was significantly higher than those in normal controls, consistent with our findings. In two large, recent series of 480 Italian and 849 American NAFLD patients, hepatic iron deposition was found in approximately 50% and 35% of cases, respectively. 31 Increased deposition of iron within the liver could catalyze the production of reactive oxygen species through the Fenton reaction. 32 Reactive oxygen species is known to cause lipid peroxidation followed by inflammation and activation of hepatic stellate cells leading to fibrogenesis.
33
The aforementioned findings suggested that excessive iron may contribute to the development of NAFLD, but few studies have determined how much of exact dietary iron intake would contribute to NAFLD. It would be very interesting to investigate in the future. In addition, lean NAFLD patients also consumed higher levels of phosphorus, potassium, magnesium, and manganese than the control group. Previous study in human found that serum phosphorus levels were significantly associated with NAFLD (odds ratio: 1.36, 95% confidence interval: 1.26-1.47, P < 0.001). 34 However, most studies found that NAFLD patients had low consumption of potassium, magnesium, and manganese. 35 In addition, low serum potassium level significantly associated with NAFLD in middleaged and elderly Chinese. 36 These findings may be due to the high intake of fruits. To our knowledge, there are few published data relating minerals to NAFLD in humans. Future work is needed to investigate their association.
However, our results showed that there were no statistical differences in dietary vitamins among groups. It was mainly because there were no differences between nuts, poultry, fish, egg, and milk among groups. However, few studies have been reported the effects of various vitamins intake on NAFLD. Their relationships were needed to investigate in the future.
Interestingly, although lean NAFLD patients had comparable levels of total caloric, fat, protein, and cholesterol as obese controls and obese NAFLD patients, lean individuals also suffered from NAFLD. There may be two possibilities: first, lean NAFLD patients may possess obesity resistance, which may contribute to metabolite part of excess caloric. Second, polymorphism in genes might make excessive caloric more likely to be converted to hepatic fat. PNPLA3 mutations and TM6SF2 gene 37 has been recognized as the major common genetic determinant of NAFLD and was associated with progression to non-alcoholic steatohepatitis. The aforementioned genetic aspects may explain why NAFLD also appears in lean individuals. Further work is needed to investigate the differences of genes expression in both lean and obese NAFLD.
To our knowledge, this is the first study to investigate dietary intake and lifestyle in lean NAFLD patients and compare their difference in different NAFLD types. In addition, although previous studies reported the associations between the intakes of individual foods or nutrients and the risk of NAFLD, it is the first study to investigate the associations between overall dietary intake and NAFLD. These features could be used to the nutritional education and therapeutic guidance for lean NAFLD patients in the future. Several limitations of our study need to be considered. First, our findings are cross-sectional study; therefore, causal relationships cannot be inferred. Second, because of the limited geographical area (Harbin), the small sample size has become another limitation. Therefore, our results should be further verified in cohort studies. Although recall bias is another limitation, clickable images were created for each food as a reference to aid in the estimation of food portions.
Conclusion
Non-alcoholic fatty liver disease patients had higher total caloric, calorigenic nutrients, grain, potato, fruit, iron, and overtime work but shorter sleep duration. Lean NAFLD patients had comparable total caloric, calorigenic nutrients, iron, sleep duration, and overtime work as obese NAFLD patients. These features could likely be used to the nutritional education and therapeutic guidance for lean NAFLD patients in the future.
